Introduction
Chancroid is a sexually transmitted disease of the genitalia resulting from Haemophilus ducreyi infection. The disease manifests itself clinically as an inflammatory pustule or papule, which rapidly progresses into a painful purulent ulcer if untreated. One or more secondary ulcers often develop through autoinocculation.
Throughout the world, chancroid poses an appreciable public health problem, possibly outranking syphilis in prevalence.' The disease is most predominant in tropical and undeveloped countries and is not yet considered to be a common sexually transmitted disease (STD) in the United States of America. The Centers for Disease Control (CDC), however, estimates that about 1000 cases are reported yearly,2 and clustered outbreaks have been reported in Canada,3 Europe,4 and the USA. 5 Many workers believe that the estimates established do not truly reflect the incidence of the disease, as an appreciable proportion of cases of ulcerative chancroid are often misdiagnosed as other STDs, such as syphilis or genital herpes.6 Mixed infections are also common, further confounding the differential diagnosis of chancroid.7
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The diagnosis of chancroid is currently based on coupling the clinical features with a laborious process of eliminating other potential causative agents. 8 Identification of H ducreyi by culture and staining techniques is usually only moderately successful' because ofthe organism's complex nutritional requirements and general fragility. Newer culture media and more refined techniques, however, have improved the reliability of isoolation of H ducreyi. [9] [10] [11] [12] In recent efforts to identify some of the immunological characteristics of H ducreyi, the protein profiles of numerous isolates of the bacterium were analysed by sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDIS-PAGE).'3 This technique proved to be useful in subtyping the isolates according to the patterns of proteins in the range of 24 to 50 kilodaltons molecular mass. In addition, monoclonal antibodies have been developed that are known to react with antigens in at least 12 isolates of H ducreyi.'4 Clearly, a comprehensive understanding of the antigenic nature of H ducreyi would not only help to define the bacterium and its epidemiological character more accurately, but may also lead to improved diagnostic immunological tests. In the study published here we combined gel electrophoresis with immunoblotting techniques to examine the antigenic similarities of 10 H ducreyi isolates and three representative members of the genus Haemophilus. We also examined the antigenic reactivities of serum from normal and immunised rabbits to the proteins present in each isolate. 
ANTIBODIES
Experimental rabbit antisera, which served as probes against potentially antigenic proteins ofHaemophilus, were obtained by intradermal inoculation of three rabbits with three different H ducreyi isolates, ATCC 27722, K-147, and K-1. In this procedure, the rabbits received injections of whole organisms suspended in an equal volume of complete Freund's adjuvant on alternate days for one week. Three weeks later, the animals received booster injections of the organism in incomplete Freund's adjuvant. Blood samples were taken before immunisations and at weekly intervals after the booster injection. The antisera from each blood sample collected after the booster injection were pooled according to the isolate injected. Two of the serum samples taken before inoculation served as controls.
SDS-PAGE AND IMMUNOBLOlTING ANALYSIS
The protein content of each Haemophilus isolate was analysed by polyacrylamide gel electrophoresis (PAGE) as described by Laemmli.'5 In this procedure, sample proteins were dissolved by heating them to 100°C for five minutes in a buffer containing 2% sodium dodecyl sulphate (SDS), 5% betamercaptoethanol, 10% glycerol, and 0'01% bromphenol blue in a 62-5 mmol/I trometamol (TRIS) base (pH 6 8) . To remove residual cellular debris, all James M Saunders and James D Folds dissolved samples were subsequently centrifuged at 8000 x g for 15 seconds. The supernatants (35 ,ug protein) were loaded on to gradient 8-20% polyacrylamide gels and electrophoresed at 5 mA until the dye front had been electrophoresed off the gel for one hour. The gels were stained in Coomassie blue, destained in acid-alcohol, and photographs were taken.
Immunoblotting techniques 6 were used to assess the antigenic reactivity between the proteins in the isolates and the sera of normal rabbits and rabbits immunised with three different H ducreyi isolates. Once the dissolved proteins had been fractionated as described, they were electrophoresed by a perpendicular current at 195 mA for one hour and at 50 mA for one hour on to 0-2 um nitrocellulose filters. The transfer was made in a buffer containing 25 mmol/I TRIS, 192 mmol/I glycine, and 20% methanol. After the transfer, the filters were incubated for one hour in 5% bovine serum albumin-TRIS saline azide (BSA-TSA) to block any remaining protein binding sites on the filters. The filters were then incubated in 1:100 dilutions of the normal rabbit sera (control) and the immunised rabbit sera (probe) for about 16 hours. The blots were subsequently washed for one hour in four changes of TSA and incubated for two hours in staphylococcal protein A labelled with iodine-125 (125I) at 1-2 x 106 counts per minute (cpm). The labelled nitrocellulose filters were washed extensively in TSA to remove unbound label, air dried, and autoradiographed. All washes and incubations were performed at room temperature.
Results

PROTEIN PROFILES OF GENUS HAEMOPHILUS ISOLATES
The SDS-PAGE polypeptide profiles ofthe representative genus members examined in this study are shown in figure 1. Though some similarities could be found, the protein banding patterns of the bacteria were generally dissimilar.
PROTEIN PROFILES OF H DUCREYI ISOLATES
The proteins found in various H ducreyi isolates were subjected to SDS-PAGE and Coomassie blue staining. At least 25 distinct polypeptides were shown, some of which were common to numerous isolates ( fig  2) . The molecular masses of the proteins ranged from more than 100 kilodaltons to less than six kilodaltons, with most being between 20 and 80 kilodaltons. Though considerable heterogeneity existed among the protein profiles, at least three common protein bands occurred in all isolates. These were found to migrate at molecular masses of about 67, 43, and 39 kilodaltons. The profiles of isolates 914 and 1-277 were very similar, both having originated from an outbreak of chancroid in Orange County, California. fig 4, antiserum from the animal immunised against isolate K-147 detected fewer antigenic polypeptides in the H ducreyi isolates than did antiserum against isolate K-1, even though they had both originated from a clustered outbreak in Atlanta.
This study was pertormed to elucidate some of the immunological characteristics of an important pathogenic organism, H ducreyi, which is often clinically misinterpreted in cases of ulcerative STD.
Earlier studies by Ito'7 and Dienst'8 indicated that cellular immunity to this bacterium develops during active infection in man or after intradermal inoculation in rabbits. Others have found that complement fixing antibodies may be detected in the serum of patients with the disease.'9 An indirect immunofluorescence technique20 and monoclonal antibodies to H ducreyi antigens'4 have recently been developed, and these may soon become powerful tools in defining the antigenic properties of this micro-organism. In this study, we have shown that rabbits appear to carry nonspecific antibodies capable of reacting with various Haemophilus antigens and that rabbits immunised against H ducreyi develop a vigorous immunological response, which results in the production of IgG antibodies that recognise a wide range of Haemophilus antigens, especially those found in H ducreyi. Furthermore, some of these antigens appear to be uniquely associated with H ducreyi.
